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ABSTRACT 
The goal of this project was to analyze the different ways to release energy from an 
energy storage device into the grid to save money. This project was worked in 
conjunction with a Master’s of Science student. An entire year of Cal Poly’s energy 
usage was examined and multiple trends were observed about when the maximum 
amount of energy was used. These trends looked at the time of day, the day of the week, 
and season to see what would be the best way to release energy into the grid to save 
money. There were two different batteries sizes examined and three different ways to 
release energy into the grid were also studied: releasing energy over a two hour window, 
a four hour window, and a six hour window. Ultimately, the system that released the 
energy over a six hour window saved the most money overall, because it was effectively 
able to reduce the demand charges the highest out of all the systems tested.  
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I. Introduction 
The subject of this report is to describe the implementation of a smart grid technology 
tool for storage devices at Cal Poly. It will go over the benefits, the costs associated with it, and 
the expected savings that will be generated if implemented. There are multiple reasons store 
energy for later use. First, the power company’s goal is to create enough power to satisfy the 
demand of all its users; however, many power plants cannot fall below a certain threshold of 
power generation. This minimum level of power generation is almost always higher than the 
demand for power in the area (Eco Global Fuels). This difference in power generation is harmful 
to the environment because this excess power is wasted. Second, hydrocarbon fuel is used during 
peak periods because it is easier to regulate in these power plants. This means that even though 
California gets a portion of its total electricity from renewable resources, any reduction in energy 
use peak, is a reduction in hydrocarbon use (State of California, 2011). While the first two 
reasons focused on an environmental impact, the last reason is all economical. The power 
companies offer an incentive to use electricity during off-peak hours and discourage use during 
peak hours by their rate structure. Energy costs are significantly higher during the middle of the 
afternoon compared to late night costs. All these reasons offer compelling motivations to study 
the economic effects of load shifting through energy storage devices.  
The objectives we have for this project are the following: 
 Propose an smart grid energy storage solution for Cal Poly 
o Demonstrate which energy storage system will save the most money 
 Create a proof of concept system to demonstrate how it works 
To address these objectives we researched the different methods of energy storage. This 
research includes, reading studies done on power storage, getting the PG&E electrical rates for 
Cal Poly, and comparing the costs associated with installation of their equipment. We also studied 
7 
 
the trends of Cal Poly’s energy usage and saw what type of energy releasing system would save 
the most money.  
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II. Literature Review 
I. Current Energy and Grid Crisis 
In the current society there is an energy crisis that has come to the attention of the world. 
The demand for energy is increasing in the world and in the United States. According to the 
Annual Energy Outlook 2012 (AEO2012) study conducted by the U.S. Energy Information 
Administration, worldwide energy consumption will increase by 47% from 2010-2035, and U.S. 
electricity demand will increase by 22% for the same period (U.S Energy Information 
Administration, 2012, p. 74-86). With the current situation there are four issues that seem to be 
apparent: the lack of the availability of energy, the mismatch between the type of energy 
produced and the type needed, the locations where energy can be produced and when the energy 
is produced and when it is needed (Hemmes, Guerrero & Zhelev, 2010, p. 19). Electricity supply 
must be in constant alignment with the demand meaning electricity has to be consumed the 
moment it is generated. We as a society need to address these issues facing our power generation 
and there needs to be a reform of the power generation, transmission and distribution system. 
Since 1982 growth in the peak demand electricity in the United States has surpassed the 
transmission growth by almost 25% each year (U.S Energy Information Administration, 2012, p. 
6).This lack in growth causes grid inefficiency and reliability issues. The current power grid in 
the US has not had major innovations for about a century. Efficiency and reliability in the grid are 
not the only issues that must be addressed, but also the amount of green house gas emitted 
throughout the entire energy system. Increasing the grid efficiency by 5% can create great energy 
savings (U.S Energy Information Administration, 2012, p. 7). In addition, the current grid 
functions as a centralized structure and is currently open for attack. The U.S. currently produces 
25% of green house gasses but is only 4% of the total world population (U.S Energy Information 
Administration, 2012, p. 9). These issues and more can be addressed in the implementation of the 
Smart Grid. 
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II. Addressing the Energy and Grid Crisis 
The smart grid enables integration, interfacing and control of technologies that improve 
the reliability, efficiency and sustainability of the current electric grid infrastructure. According to 
the Department of Energy (DOE) there are seven key characteristics that will be improved with 
the complete integration of the smart grid: “enable active participation by consumers, 
accommodate all generation and storage options, enable new products, services and markets, 
provide power quality for the digital economy, optimize assets and operate efficiently, anticipate 
and respond to system disturbances, operate resiliently against attack and natural disaster” (Litos 
Strategic Communications, p. 42). A comparison of Today’s grid and the Smart Grid based on the 
7 key characteristics is shown in Figure 1. There have been many steps taken to address the issues 
that were presented as the world energy crisis. The smart grid will help incorporate all the 
technology to address the key issues. The Smart Grid will incorporate technologies such as 
energy storage, photovoltaic’s (PV), wind energy, sensors, smart meters and smart appliances. It 
will allow distributed generation (DG), the large usage of renewable energy sources (RES), and 
islanding and two way flow of electricity. There are a lot of steps that must be accomplished for 
the complete integration of the smart grid. 
The need for a smarter grid is becoming increasingly important. In the U.S. 30 states and 
the District of Columbia have all made renewable energy requirements and goals. For example, 
California regulators have decided to have a Renewable Portfolio Standard (RPS) which specifies 
the amount of sales that must be from renewable energy sources, of 33% by 2020 (Rodriguez, 
2010, p.1). In 2010 45% of electricity was generated by coal according to the AEO2012 
Reference case this will decrease to 38% by 2035, renewable energy generation increases 77% 
from 2010 to 2035, to make up 15% of total energy generation by 2035 (U.S Energy Information 
Administration, 2012). There is more than enough renewable energy, in one hour of sunlight on 
10 
 
earth enough energy is created to provide the yearly energy consumption by human activity.  
Using this potential energy is going to call upon new technologies.  
 
 
Figure 1: Comparison of Today's Grid vs Smart Grid based on the 7 key characteristics.  
(Litos Strategic Communications), p. 42) 
III. Barriers of Renewable Energy Sources 
The increase in total electricity consumption and the increased use of renewable energy 
by 2035 calls for new innovations to manage and maintain the current grid. The intermittency of 
solar and wind energy generation can cause voltage variations and blackouts at connection points 
where the grid is weak  (Mohd, Ortjohann, Schmelter, Hamise & Morton, 2008, p.1627). The 
AEO2012 concludes that between 2010 and 2035 solar energy will be the fastest growing 
renewable energy source, with growth rate of 11.7% per year (U.S Energy Information 
Administration, 2012, p.75). Current generation plants are designed to meet peak electricity 
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needs, therefore during most hours of the day less than 50% of the electricity capacity is used. 
The use of solar and wind energies would have the greatest benefit when used during high peak 
hours (Sioshansi, 2011, p. 106). However, due to the short duration and daily intermittencies it is 
not possible to predict if the energy will be produced during the peak hours.  
IV. Addressing the Barriers of RES 
New technology must be improved or created to address the issues that RES bring to the 
grid. Upgrading the transmission lines to handle fluctuations is an option to solve the 
intermittency of RES, but can be very costly. Energy storage is another option that not only helps 
to balance loads but can be used for many other applications. Another options is to make 
distributed generation more flexible so that it can perform efficiently in partial load and full load. 
Another idea proposed is producing chemicals and fuels with excess power (Hemmes, Guerrero 
& Zhelev, 2010, p.21). Both alternatives have the option of being enhanced with energy storage. 
The use of energy storage has been proven to be effective. In a study done by the American 
University of Sharjah it was proven that integrating a RES, with an energy storage system and 
power management software an individual can save 33% of home energy bill (Al-Ali, El-Hag, 
Bahadiri, Harbaji & Haj, 2011, p. 126). According to the Renewable System Integration Study, 
conducted by the Department of Energy they observed significant improvements in three 
reliability indices when a PV was paired with energy storage (Sioshansi, 2011, p. 117). Another 
option for energy storage systems is to combine the benefits it provides. Energy storage systems 
are a great option to integrate in the Smart Grid and have many benefits. 
V. Energy Storage Systems 
There are a lot of energy storage systems that are currently in use and under development. 
These systems can be used in a variety of applications and integrated into the Smart Grid. They 
allow integration of more distributed generation, have economic potential, balance the supply and 
load and improve power quality. (Tan & Lu, 2012, p. 190) Most of the energy storage systems 
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convert electricity to other forms of energy for storage, which then must be converted back to 
electricity via power electronics. 
a. Batteries 
All batteries are electrochemical cells that convert electricity to chemical energy for storage, 
and then back to electricity to discharge. All battery energy storage systems must contain the 
battery, a control system and power conversion system, to properly convert AC and DC. (Such, 
2011, p.1) When using batteries some of the most important characteristics are the depth of 
discharge, temperature of penetration, number of cells in the series, charge-discharge cycles, 
environmental impact, and maintenance (Kavadias, Kaldellis & Zafirakis, 2007, p.384). 
1. Lead Acid 
The lead acid battery is the oldest battery and has been used for more than 100 years. They 
have a short lifetime cycle, especially if discharged deeply. They have a low depth of discharge, 
low charge-discharge cycles, low cost and low energy density. However they supply excellent 
pulsed power. (Kavadias, Kaldellis & Zafirakis, 2007, p. 384) 
The lead acid battery contains a positive electrode of lead dioxide and a negative electrode of 
sponge lead, in aqueous sulfuric acid electrolyte. When the battery is discharging the lead dioxide 
is reduced to lead oxide which reacts with the sulfuric acid to form lead sulfate and the sponge 
lead from the negative electrode is oxidized to lead ions which react with the sulfuric acid all 
generating electricity. When the battery is charging it reverses the process. (Divya & Østergaard, 
2008, p. 513) 
2. Sodium Sulfur (NaS) 
The NaS batteries have a high energy density and they also do not self discharge. The 
batteries will have energy efficiency of about 85%, have low cost & maintenance, and a long life 
cycle. However these batteries require high temperatures of operation 300-400C. (Kavadias, 
Kaldellis & Zafirakis, 2007, p. 384) 
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The NaS battery consists of a positive electrode of molten sulfur and a negative electrode of 
molten sodium. The electrolyte is a solid beta alumna ceramic. Sodium ions and sulfur ions 
combine to make sodium polysulfide’s when charging which produces about 2V.  
3. Lithium-Ion (Li-ion) 
Li-ion batteries have a high energy density, an efficiency of about 95%, long lifetime, low 
weight and an ability to have high currents. However they are highly expensive (Kavadias, 
Kaldellis & Zafirakis, 2007, p.384). 
The Li-ion battery consists of a cathode of lithiated metal oxide and an anode of graphitic 
carbon. The electrolyte is lithium salt. The oxide creates lithium ions when combined with an 
outside electron and becomes charged. It is discharged in reverse. 
4. Nickel-Cadmium (NiCd) 
NiCd batteries are reliable, long lived, have a high energy density and good cycling 
characteristics. However they can cause serious environmental impacts due to Cadium deposition. 
(Moncrief, 2010, p.2) 
Li-ion, NaS and NiCd batteries are currently the leading technologies in high power density 
applications. 
b. Hydrogen Fuel Cell 
The Hydrogen Fuel cell generates electricity, water and heat. The storage capacity depends 
on the size of the fuel tank, making it easily adaptable to different situations. The Hydrogen Fuel 
cell has a low efficiency rate of about 35-40%. (Kavadias, Kaldellis & Zafirakis, 2007, p.386) 
There are three key components to the Hydrogen fuel cell. There must be electrolysis that 
consumes off peak electricity to produce Hydrogen. The produced Hydrogen then powers the fuel 
cell in combination with Oxygen from the air to generate electricity during peak hours. A 
hydrogen buffer tank must also be supplied to ensure adequate resources when needed. 
14 
 
Hydrogen is stored in gas, liquid, metal hydride or carbon based form then released through 
chemical reaction to power a fuel cell. Hydrogen can be stored in compressed, liquefied or metal 
hydride form. (Mohd, Ortjohann, Schmelter, Hamise & Morton, 2008, p.1630)The fuel cell is 
made of two electrodes and a surrounding electrolyte when oxygen passes one and oxygen the 
other it generates electricity, water and heat. The fuel cell is similar to a battery but does not 
require recharging, as long as fuel is provided electricity is supplied. (Kavadias, Kaldellis & 
Zafirakis, 2007, p.385) 
c. Flow Battery/Regenerative Fuel Cell 
The flow battery has high power, a long duration, the power and energy rating are 
independent, responds quickly, has a charge-discharge rate of about 1ms and no self discharge 
(Divya & Østergaard, 2008, p.513). The amount of energy stored is proportional to the volume of 
the electrolyte and the power output is proportional to the speed of ion transfer across the 
membrane. (Ekanayake & Wiley, Online Service, p. 264) The flow battery can be completely 
discharged and left for long periods of time, without any loss of life. (Moncrief, 2010, p.3). It has 
efficiency of about 75% (Ibrahim, Ilinca & J, 2007, p.132). 
It is formed by a number of electrochemical cells each with 2 compartments separated by ion 
exchange membrane. The 2 electrolytes are pumped from the tanks through the cell stacks and 
across the membrane, one is oxidized and the other reduced therefore producing current. 
(Kavadias, Kaldellis & Zafirakis, 2007, p.385) There are applications with ZnBr, NaBr and VBr. 
There is potential to be used for large energy storage applications. (Mohd, Ortjohann, Schmelter, 
Hamise & Morton, 2008, p.1629) Although the flow battery has a high capital cost due to 
continuous operation of a chemical plant involving pump stations. 
d. Super Capacitors 
The super capacitor has the characteristics of a capacitor and electrochemical battery but no 
chemical reaction resulting in increased cycling capacity. It is the only storage system that stores 
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electricity in the form of electricity. The electricity is stored in an electric field between the two 
electrodes. The super capacitor has a lifespan of 8-10yrs, a 95% efficiency rate and 5% discharge 
per day. (Hemmes, Guerrero & Zhelev, 2010, p.29). 
e. Superconducting Magnetic Energy Storage System (SMES) 
The SMES has a high operating cost and is best suited to provide constant deep discharges 
and fast response time. The SMES can discharge almost all the energy stored with a large number 
of charge-discharge cycles. It has an instantaneous efficiency of about 95%. (Mohd, Ortjohann, 
Schmelter, Hamise & Morton, 2008, p.1630) 
The SMES contains an electromagnetic coil made from a high temperature super conductor 
once it is charged current travels around the coil in an endless loop. The coil is immersed in liquid 
nitrogen and operates at 230C. (Moncrief, 2010, p.4) 
f. Flywheels 
The flywheel was developed in the automobile and aerospace industry. It has high energy and 
power density, low maintenance, 85% efficiency and great cycling capacity. The flywheel is not 
operational for long periods of time and cannot store more energy than a few hundred kW. 
(Kavadias, Kaldellis & Zafirakis, 2007, p.384) 
The flywheel stores kinetic energy by causing a disk or rotor to spin on its axis. It consists of 
a rotating mass supported by bearings and connected to a motor generator. It stores this energy 
for later use from the electrical energy and torque creating from the large mass spinning. The 
energy that the flywheel can store is proportional relationship. It is based on the rotors mass 
moment of inertia and the square of its rotational speed. The flywheel needs either low speed with 
heavy steel rotor with high inertia or high speed with light composite material. (Kavadias, 
Kaldellis & Zafirakis, 2007, p.384) 
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g. Compressed Air Energy Storage (CAES) 
The first CAES was made in Huntorf, Germany in 1978 with a capacity of 290MW, the 
second in McIntosh, Alabama in 1991. (Mohd, Ortjohann, Schmelter, Hamise & Morton, 2008, 
p.1629). The CAES system has an efficiency of about 70%. CAES is currently the cheapest bulk 
energy storage (Kavadias, Kaldellis & Zafirakis, 2007, p.383). The biggest disadvantage of the 
CAES is that it must be in a suitable location (it requires the use of something similar to an 
underground cave). 
The CAES cycle is a variation of the gas turbine. During off peak hours energy is used to 
pressurize air into storage via a compressor. During the peak demand the required amount of air 
is released and supplied to a gas turbine where expansion takes place, the electricity is generated 
from a connected generator. It is more efficient than a typical gas turbine because the compressor 
and generation are separate, all of the fuel used is to drive the compressor (Kavadias, Kaldellis & 
Zafirakis, 2007, p.383). 
Another type of CAES is a small scale version, the SSCAES. The SSCAES is currently in 
development and pressurizes air in cylinders. It has an efficiency of only 50%, a few thousand 
charge-discharge cycles and is limited by mechanical fatigue of the cylinder. (Ibrahim, Ilinca & J, 
2007, p.1231) 
h. Pumped Hydro Storage 
There is approximately 100GW of pumped hydro stations in service around the world. The 
earliest hydro storage was in 1882 in Zurich, Switzerland which has since been improved upon. 
(Moncrief, 2010, p.2) The pumped hydro storage system stores large amounts of energy, with a 
max depth of discharge of 95% and a 50 year life period. The overall efficiency is between 65-
77%. The system must be in specific locations with low and high elevations, causing a high 
capital cost. The system has some negative environmental impacts while in construction. 
(Kavadias, Kaldellis & Zafirakis, 2007, p.383) 
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The pumped hydro station uses energy surplus from low demand times and pumps water into 
an upper storage reservoir, the water is released through a turbine during high demand and creates 
electricity. The storage capacity is based on the height of the waterfall and volume of the water. 
 
VI. Applications of Energy Storage 
The California Energy Commissions modeled variability and system performance with a 33% 
renewable energy supply and concluded that performance degrades “extremely” (Lin, Damato & 
Hand, 2011, p.1). Energy storage systems (ESS) can be used in the generation, transmission and 
distribution of the power cycle in order to improve reliability and efficiency. They can be used to 
increase the reliability and security in the power grid. ESS can be used at a substation to extend 
the life of a transformer, or be used in the community to reduce the load on the distribution line 
(Moncrief, 2010, p.1). It can make up for generation short falls and provide grid reliability 
support (Rodriguez, 2010). ESS can provide support for renewable energy systems for utilities 
and distributed generation. ESS can also be used to support the micro-grid, which is a small 
electric power system that can physically operate islanded or when connected to the grid (Tan & 
Lu, 2012, p.190). There are two application classifications for energy storage: energy and power. 
Energy applications supply energy slowly over a long period of time, usually kWh. Power 
applications deliver short term power quickly and at high rates, usually kW (Ekanayake & Wiley, 
Online Service, p. 259). Typical storage systems for energy application include pumped hydro 
station, compressed air energy storage, high energy sodium sulfur batteries, thermal energy 
storage and flow batteries. For power applications the use of batteries, flywheels, capacitors and 
superconducting magnetic energy storage are best suited. There are many applications where 
energy or power ESS’s are needed.  
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a. Ancillary Services 
Ancillary services are used to support the reliability of the power grid, Independent System 
Operator’s (ISO) are responsible for monitoring demand and supply to ensure there is a real time 
balance between the generation and the load (Lin, Damato & Hand, 2011, p.1). Some ancillary 
services that energy storage systems can address include load following, voltage support, 
frequency support and reserves. 
1. Load Following 
Load following is when the output changes based on the balance between the supply and the 
demand. This is usually done by generators that adjust depending on the amount of energy 
required, they adjust and operate at partial loads. When generators operate at partial loads it uses 
more fuel and increases air emissions. Using energy storage makes the process more efficient, 
since they can usually operate at partial output levels with high efficiencies (Eyer & Corey, 2010, 
p.27). 
2. Voltage Support 
Voltage support is used to maintain the voltage within a specific range. Voltage support must 
offset the reactance in the grid caused by capacitive and inductive loads. Energy storage devices 
can provide reactive power to quickly increase and maintain the required voltage (Rodriguez, 
2010, p.2). 
3. Frequency Regulation 
Frequency regulation is the increase and decrease in electricity output in response to 
automatic control signals to maintain frequency. According to the California ISO in order to meet 
the 33% RPS by 2020 there will need to be 1.114MW of regulation compared to the current 
419MW. This will be established by creating the traditional combustion turbines or using non-
generating energy storage. When doing a study on combustion turbines versus flywheels they 
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concluded that energy storage is generally provides 2.5 times the performance of a combustion 
turbine. (Lin, Damato & Hand, 2011, p.2) 
4. Reserves 
Reserves are used to ensure that the system remains reliable under unexpected connections 
and disconnections of the load or generator.  Currently Open Cycle Gas Turbines are in use, 
which are partially loaded with high fuel cost and plant cost, although it is only needed 
occasionally. Energy storage can replace them and store energy when prices are low, and quickly 
dispatch it when needed. (Ekanayake & Wiley, Online service, p. 261) 
b. Energy Time-Shifting 
There are two types of energy time shifting. Electric energy time shifting is storing energy 
when the demand is low, and the price is low, and then either selling it back during high demand 
or using it to offset purchase of peak energy. Electric energy time shifting can be used by utilities 
or customers to offset costs. The other energy time-shifting is renewable energy time shifting 
which stores renewable energy when demand is energy demand is low, and uses it when demand 
is high. (Ekanayake & Wiley, Online service, p. 261) 
c. Capacity firming 
Capacity firming is to provide excess energy to offset the intermittency of renewable energies. 
Using energy storage could be a fast way to offset unsteady output of renewable energy. 
d. Ride Through Support 
Ride through support is used when there is a power outage, it allows the electrical unit to 
avoid disturbances, until the system is shut down correctly, or is connected to a generator. Energy 
storage systems will be able to provide this extra reliability. (Mohd, Ortjohann, Schmelter, 
Hamise & Morton, 2008, p.1628). 
e. Delay/Defer Upgrades in Transmission and Distribution 
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When a T&D systems peak electric load is approaching the systems load carrying capacity, 
adding a small energy storage system can delay or defer the need to upgrade by installing it 
downstream from the point of near overloading. (Eyer & Corey, 2010, p.36) 
All of the energy storage applications can be used in the same location to provide multiple 
applications, thus increasing the overall benefit of the system. 
VII. Financial Benefits of Energy Storage Systems 
There are many financial benefits that rise from the use of ESS (Eyer & Corey, 2010).  
According to research done by the Sandia National Laboratory there are 12 possible financial 
benefits (Mohd, Ortjohann, Schmelter, Hamise & Morton, 2008, p.1629). Each of these possible 
financial benefits are summarized below. (Ibrahim, Beguenane & Merabet) 
a. Cost Reduction or Revenue Increase of Bulk Energy Arbitrage 
Arbitrage involves buying energy during cheaper periods, like the middle of night. This is 
when the demand is typically the lowest for an energy company. You can use this energy during a 
higher demand period so that the cost will be lower.  
b. Cost Avoid or Revenue Increase of Central Generation Capacity 
In some areas the procurement of extra electrical generation capacity can be very expensive 
or not feasible. A way to handle this solution would be to use energy storage to store energy when 
there is extra availability and use it during this peak time.  
c. Cost Avoided or Revenue Increase of Ancillary Services 
As described in the above section it is known that energy storage can provide ancillary 
services. It is difficult to generalize the cost benefits, and has to be done among different entities 
and regions  
d. Cost Avoid or Revenue Increase for Transmission Support 
The user of an ESS can avoid the transmission access/congestion charges. 
e. Cost Avoid or Revenue Increase for Transmission Access 
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A way to save money would be to avoid using transmission access for an ESS.  
f. Cost Avoid or Revenue Increase for Transmission Congestion 
You can avoid transmission access charges by using ESS. 
g. Deferred Transmission and/or Distribution Upgrade Investment 
You can gain financial benefits by using an ESS. 
h. Reduced Time-of-Use Energy Cost 
Reducing the energy cost has a lot to do with the time that the energy is used. When a smart 
grid design is used you can store energy at night when energy costs are cheaper. Then during 
peak times you can use the energy stored from off peak times saving you money.  
i. Reduced Demand Charges 
The demand charges can be reduced if energy storage solutions are used during peak energy 
times. 
j. Reduced Reliability-related Financial Losses 
Another benefit is reducing any kind of reliability issues associated with energy consimption. 
This is extremely beneficial to users that suffer from frequent power outages.  
k. Reduced Power Quality-related Financial Losses 
If the energy generation you are using is somewhat faulty and not the best quality a storage 
solution can serve as a back up device.  
l. Increased Revenue from Renewable Energy Sources 
Finally a storage device can be used to time-shift electrical usage from peak hours to off-peak 
hours. Demand prices for electricity are higher during the day, and lower at night. By storing 
electricity at night you can use this energy during the day and save money.   
In most cases energy storage systems must provide more than one benefit in order to offset 
the price of installation and maintenance.  
VIII. Evaluating and Comparing Energy Storage Systems 
22 
 
Deciding on the correct energy storage system requires in depth analysis of different key 
characteristics depending on the application. A universal model to classify and compare energy 
storage system has not yet been determined. A comparison table of different energy storage 
systems and there application type is shown in Figure 2.  
 
 
Figure 2: Comparison of energy storage and their applications (Electricity Storage 
Association) 
Deciding which specific source to use in each application can be determined many different 
was as described in the sections below. 
 
a. A Method to Classify Battery Energy Storage 
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To compare every aspect of every battery that is available for every application would be 
very extensive. One way to decide on a particular battery is to classify the applications and 
determine the type of battery needed for such classifications. Below is a classification developed 
by the Technical University of Denmark. (Divya & Østergaard, 2008, p.517) 
1. Instantaneous applications (0 to a few seconds): These types of applications require a 
battery that has a high power density to deliver short bursts of large power. It will 
typically have a rapid spinning reserve. 
2.  Short term applications (few seconds to minutes): These types of batteries need to be 
able to store energy for a longer period of time. They will typically have a modest power 
and serve secondary or tertiary ancillary services. 
3. Mid term (minutes to few hours < 5 h): Batteries for this system will need high energy 
density storage. This system will be able to shave off the peak load (basically around two 
to four hours)  
4.  Long term/multi-MWh applications (days): Currently there is no cost effective usage 
for these types of batteries. They will require very high energy density batteries. These 
will be used to avoid new transmission construction costs. 
This classification gives a basic way to determine a well suited battery for a given 
application. The method can be effective when first analyzing batteries, once all the batteries in a 
certain section are chosen other battery characteristics must still be analyzed to determine the 
most cost effective and suitable battery for that application. 
b. Characteristics of Energy Storage Systems 
There are many characteristics of storage systems and different applications need different 
analysis. The application categories discussed in by Ibrahim are low power, medium power, 
network connection application and power quality control applications. Choosing a storage 
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system is based on a performance index determined by many characteristics. The characteristics 
used in storage analysis is described below (Ibrahim, Ilinca & J, 2007, 1237). 
1. Storage Capacity: The storage capacity is the total amount of available energy in the 
storage system after charging. The usable energy is limited by the depth of discharge. In 
conditions of quick charge or discharge, the efficiency deteriorates and the retrievable 
energy can be much lower than storage capacity. 
2. Available Power: It typically represents the average value, peak value, and often is 
expressed as the max power of charge/discharge. 
3. Depth of discharge or power: Storing energy in an energy storing device is a sluggish 
process. This energy must also be released quickly on the demand from the end user. A 
limiting factor can be the power transmission rate. Another factor to look at is the power 
transmission rate. The power from the battery must be available for delivery during peak 
times.  
4. Discharge time: This is the maximum-power discharge duration. It depends on the depth 
of discharge and operational conditions of the system.  
5. Efficiency: Since a battery is not perfect there is an efficiency rating for one. It is based 
on the ratio between released energy and stored energy.  
6. Durability (cycling capacity): This is the number of times a battery can be charged and 
used for energy storage. 
7. Autonomy: This refers to the maximum amount of time the system can continuously 
release energy. It is defined by the ratio between the energy capacity and maximum 
discharge power. 
8.  Costs:  The initial cost of investment as well as the operation costs which consists of 
maintenance, energy lost during cycling, and the age of the system. While there may be 
other costs these are typically the largest costs to consider.  
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9. Feasibility and adaptation to the generating source: The battery storage solutions needs 
to be flexible enough to adapt to whatever the requirements for the end user are. The 
system should be designed to handle the requirements on a project by project basis. 
10.  Self-discharge: This is the portion of the energy that was initially stored and which has 
dissipated over a given amount of non-use time. 
11. Mass and volume densities of energy: The max amount of energy accumulated per unit 
of mass or volume of the storage unit. 
12. Monitoring and control equipment: The safety of the system is an important aspect to 
design for. You need to make sure that the batteries can handle the load and that the 
quality level is there. 
13. Operational constraints: Constraints related to safety or other operational conditions 
required for use of the storage technology (temperature, pressure, geographical location). 
14. Reliability:  The reliability of the system is important aspect to look at to make sure that 
the system will continue to function as design. 
15. Environmental aspect: Not a criteria of energy sources, but can be a point looked into. 
After generally looking at all characteristics it is important to compare specific storages.  
 
c. Comparison of energy efficiency of the energy storage systems 
Efficiency and cycle life are both important criteria to look over when selecting an energy 
storage system, especially when considering the cost of the entire storage system. Low efficiency 
increases the effective costs, and a short lifespan also increases long term costs. (Energy Storage 
Association)  A comparison of lifetime and efficiency are shown in Figure 3. Some other 
important financial aspects to consider are the operating expenses in order to run the energy 
storage system. (Ibrahim, Ilinca & J, 2007, 1243). 
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Figure 3: Storage Techniques as a function of energy efficiency and life expectancy 
("Electricity Storage - Technology Comparison", 2009) 
d. Comparison of Investment Costs 
The initial investment is an important cost that cannot be taken lightly. In order to remain cost 
effective some energy storage solutions need to produce a minimum amount of energy. (Ibrahim, 
Ilinca & J, 2007, 1244). As new battery technology is researched the cost of energy storage 
solutions should decrease. In Figure 4: Storage techniques as a function of capital cost per unit of 
energy. ("Electricity Storage - Technology Comparison", 2009), the 2002 values of different 
energy storage solutions is shown. This graph was done by plotting the cost of energy versus the 
storage efficiency.  (Energy Storage Association)  
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Figure 4: Storage techniques as a function of capital cost per unit of energy. ("Electricity 
Storage - Technology Comparison", 2009) 
e. Comparison of the investment cost per charge-discharge cycle 
A good way to understand the cost of storing energy is examine the cost per cycle of the 
storage solution. This is evident in storage solutions that are frequently charging/discharging 
(Ibrahim, Ilinca & J, 2007, 1246). Figure 5 shows the capital cost, taking into account the impact 
of cycle life and efficiency. This comparison should not be used in projects that are about peak 
shaving or energy arbitrage. (Electricity Storage Association)  
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Figure 5: Storage techniques as a function of investment costs calculated per charge-
discharge cycle. ("Electricity Storage - Technology Comparison", 2009) 
f. Comparison based on mass or volume density 
When deciding on which energy storage system to use the physical size of the system is an 
important criteria to examine (Ibrahim, Ilinca & J, 2007, 1246). When utilizing an ESS you need 
to look at the cost of maintenance, safety, and other factors that go into these storage devices. In 
Figure 6 it displays the different storage techniques relative to these characteristics. (Energy 
Storage Association) 
a  
Figure 6: Storage techniques as a function of mass and volume densities ("Electricity 
Storage - Technology Comparison", 2009) 
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IX. Improvements Needed and Barriers 
There are many barriers to overcome and necessary improvements for energy storage to 
reach its full potential and usage. Research and Development will play a big role in improving the 
current storage. Regulatory action will need to be taken. The needs and opportunities that the 
Sandia National Laboratory identify and shown below. (Eyer & Corey, 2010, p.xvii) 
“1. Establish consensus about priorities and actions. 
2. Identify and characterize attractive value propositions. 
3. Identify and characterize important challenges and possible solutions. 
4. Identify and develop standards, models, and tools. 
5. Ensure robust integration of distributed/modular storage and Smart Grid. 
6. Develop more refined market potential estimates. 
7. Develop model risk and reward sharing mechanisms. 
8. Develop model rules for utility ownership of distributed/modular storage. 
9. Characterize, understand, and communicate the societal value proposition for 
storage” 
 
a. Regulatory 
According to the California Energy Storage Alliance (CESA) the key barrier is the current 
regulatory framework (Lin, 2012). Energy storage has the advantage of being in all divisions of 
the grid, however this causes it to have many jurisdictions that regulate the storage. Regulations 
are typically divided in classes. In Figure 7 it is shown that because energy storage can be in all 
sections it has a lot of regulations.  
 
Figure 7: Jurisdictions map of the electric grid (Lin, 2012) 
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b. Total System Integration 
Integrating energy storage systems into the grid has not been fully tested or standardized. 
Integrating systems must be based on the current grid, but adaptable for changes with the 
reformation of the grid. As of now there is no standardized modeling or simulation software to 
assist in development of the most optimal power system layout with integration of storage 
systems. It is currently in the works with many companies developing software to tackle 
integration of storage systems. (Mohd, Ortjohann, Schmelter, Hamise & Morton, 2008, p.1627). 
 
When integrating storage systems into the grid storage management must be considered. If 
there are too many energy storage systems online at the same time to charge it can overload the 
grid, raise costs and carbon emissions. In order to integrate a large amount of energy storage an 
efficient energy management system must be developed, with two way communication with the 
grid (Wei, Hu, Chen, & Yang, 2010). 
X. Key Factors Aiding in the use of Energy Storage Systems 
There are currently laws and money within the government that is focused on the 
advancement of energy storage use and technology. 
a. Renewable Portfolio Standard 
Having renewable energy is an important requirement in the United States. In fact, over thirty 
states have some kind of renewable portfolio standard (RPS) law requiring this. Basically these 
laws determine how much renewable energy needs to be generated and if there are any important 
emerging technology should be researched.  With this increase in renewable energies it has 
potential to also increase the development of energy storage. (U.S Energy Information 
Administration, 2012, p.11). 
b.  Recovery and Reinvestment Act of 2009 (ARRA) 
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The ARRA was created to stimulate the U.S. economy but within this dedicated $32.7billion 
in grants for energy related programs, $700 million specifically for energy storage development. 
Although all this money is available it begins to cause utilities and developers to rush towards the 
money causing flaws in development (Flick & Morehouse, 2011, p. 50) 
c. AB2514 Act 
This act Establishes Energy Storage Procurement Targets for 2015 and 2020 if cost effective 
and if commercially available. This act is currently underway which provides a necessary focus 
on energy storage. (Lin, J, 2012). 
 
XI. Evaluating Life Cycle Cost 
In order to choose which option we would like to select for our smart grid project we need to 
evaluate the options based on their life cycle cost, return on investment, and energy converted 
into electricity.  
When doing a Lice Cycle Cost analysis the entire expense of the option will be considered. 
This will be including, but not limited to, the initial investment of the facility/battery, the 
operation & maintenance expenses, and the final disposal costs (Leigh & Won, 2004, p.77-78). 
When evaluating a project you cannot just look at the initial investment because there can be 
hidden costs down the road. When evaluating a green energy project the costs need to be 
evaluated: How much the return on investment will be, the cost of up keeping this green energy, 
and how often the components need to be replaced. Research needs to be done on all the 
components as follows: 
A. Basic Research 
Researching case studies, battery specifications, and energy rates at Cal Poly. By researching 
different battery specifications and case studies multiple alternatives can be generated.  
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B. Alternative Proposal 
The evaluated proposals going forward should be set to a minimum standard of performance 
so that a fair comparison can be drawn.  
C. Making assumptions 
Certain assumptions will be made during the cost assessment. For example, Total Energy 
Rates from PG&E for Cal Poly during winter peak hours was found to be $0.13150 per kWh and 
off-peak is $0.07010. (Yura, 2012). This data was used to calculate the cost savings of generating 
electricity and night and displacing it during the day.  
D. Itemized costs of the service system and the times of the cost generation 
These will include things like the initial investment costs including any facilities to house the 
units, the cost to operate the smart grid, the costs saved from generating electricity at night, and 
the replacement costs. 
E. Converting to present values of the expected itemized costs in the future 
A net present value is when any future costs (or gains) are converted to what it would be 
worth in present time. Time has a monetary value and this need to be reflected in any comparison 
of proposals.. It will be the cost of implementing the smart grid technology minus the Present 
Value of the money saved from the smart grid energy (Chalifoux, 2006, p.44-46). An example of 
this is shown in Figure 8. 
 
Figure 8 - Present Value Example (Chalifoux, 2006, p.44) 
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P = A{[(1+i)n-1/[i(1+i)n]} 
Where: 
P = Present Worth of the Series of Payments 
A = Amount of each Annual Payment 
i = Interest Rate 
n= Number of Compounding Periods 
C = Cost of Implementation 
 
Another important aspect to look at would be the Rate of Return (ROR) for the each 
smart grid technology. To solve this you would make the Present Worth equal to the initial 
payment and solve for I (the interest rate) and example of this equation can be seen below 
(Chalifoux, 2006, p.45). 
 
Figure 9 - Rate of Return Example (Chalifoux, 2006, p.44) 
 
 
F. Computing LCC for each proposal 
The following is an example of a formula used to calculate LCC (Leigh & Won, 2004, 
p.77) 
LCC = I + E + OM + Repl + Res 
I: Present value of Initial Investment Costs 
E: Present value of Energy Costs 
OM & R: Present value of Operation, Maintenance, & Repair Costs 
Repl: Present Value of Replacement Costs 
Res: Present Value of Residual Value 
 
G. Selection of Proposal with the lowest LCC 
After evaluating each alternative the selection with the lowest LCC will be chosen. 
H. Non-quantifiable expenses and quality of considerations of convenience 
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While many of the criteria will have concrete costs behind them some of them will not. 
Things like ease of use would be an important aspect for this project so this will need to be taken 
into account when costing.  
I. Sensitivity analysis 
A sensitivity analysis will demonstrate what will happen to the cost if we change certain 
parameters about the project, like the cost of electricity per kW/hr in case rates increase 
(Chalifoux, 200, p.45). While some changes may have little impact on the costs it is important to 
examine all these changes when determining which alternative to choose. 
XII. Linear Programming 
Another method of determining which project we choose would be developing a linear 
programming method. Since the batteries have different startup costs a method can be developed 
to take into account the startup costs and delivering the needed electricity.  In a study done by 
Bell Labs a linear programming model was formed where the goal was to minimize the 
function ∑ 𝑐𝑖(𝑥𝑖, 𝑡)𝑖 . This minimization function would multiply the cost of energy based on the 
time used and how much is used and would try to select the lowest one (Kai & Walid, 2012, 
p.517). In this problem xi is denoting the amount of energy generated at an i time slot and ci is 
what the cost would be at a certain time. For the constraints it is subject to ∑ 𝑥𝑖(𝑡) = 𝑑(𝑡)𝑖 .This 
constraint requires the energy demand at every time period to be satisfied.  Both methods will be 
considered until we gather enough information to see which costing method will work best. 
XIII. Conclusion 
In the United States, and across the globe, there is a strong need for improvements in the 
current power grid. With the large emergence of renewable energy and distributed generation new 
technology needs to be developed. There will be a strong need for energy storage systems. 
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Energy storage systems come in all types and convert electrical energy to chemical, mechanical 
and kinetic energy. There are a lot of developmental and regulatory issues that must be surpassed 
to fully integrate energy storage into the grid. However, a lot of progress has been made and it 
seems as though energy storage systems have a positive future.  
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III. Methodology 
To determine the optimum method for releasing energy into the grid the Plan-Do-
Check-Act method was followed. This method allowed us to follow a systematic 
approach to solve this problem.  
I. Plan Phase 
In order to come up with a good system for releasing energy into the grid there 
had to be a knowledge of how Cal Poly uses energy throughout the year and how that 
energy usage related to cost. This system needed to be comprehensive through the year 
and would give the highest return on investment on the system. Thus, we needed to find 
the rates for which PG&E charges Cal Poly’s for energy usage and we needed to have 
prior data from Cal Poly to create an accurate forecast. 
The costs of our systems would be focused on the size of the battery. Two battery 
sizes were chosen to see what would be the cost benefit to using a larger batter and what 
would be the benefit for using a smaller batter.  
II. Do Phase 
The first step would be to understand how the PG&E electricity rates work. A 
customer like Cal Poly uses a lot of energy and Cal Poly is charged on the Rate Schedule 
E-20 for Services with over 1,000 kW Demand. The rates for the charges are shown 
below in Table 1 - PG&E Rates for Cal Poly 
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Table 1 - PG&E Rates for Cal Poly (PG&E, 2013) 
Rate 
Schedule 
Season Time of 
Use Period 
Demand 
Charges 
($/kW) 
Energy 
Charges 
($/kWh) 
 
 
E20 
Transmission 
Firm 
 
Summer 
Max Peak $14.03 $0.09370 
Part Peak $3.04 $0.07758 
Off Peak - $0.06408 
Maximum $4.75 - 
 
Winter 
Part Peak $0.00 $0.07879 
Off Peak - $0.06760 
Maximum $4.75 - 
 
The way these charges work is that during the Summer Months (May-October) 
the top of the chart is used and during Winter Months (November-April) the bottom chart 
is used. Each season has a demand charge and it is measured in fifteen minute intervals 
throughout an entire month.  Each demand charge corresponds to a different time. During 
the summer months Max Peak is from 12pm-6pm, Part Peak hours are from 8:30am to 
12:00 noon and 6:00pm to 9:30pm, and Off peak hours are 9:30pm to 8:30 am. During 
the winter months there are just two time periods, Part Peak and Off Peak, which is 
8:30am to 9:30 pm and 9:30pm to 8:30am respectively. All weekends and Holidays are 
considered Off Peak hours. For each season, the time with the maximum charge will be 
charged an additional rate at the “Maximum” rate regardless of which time period it is in.   
The next way PG&E charges is the energy charges. This charge is the cumulative 
usage rate that a person or institution uses. It is charged for the same time periods as 
explained before; however, there is no additional charge for a Maximum or “highest 
usage” 
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Once these PG&E demand & energy charges were understood the next step that 
was taken to look at the Cal Poly usage data. After speaking with Dennis Elliott from the 
Facilities Department at Cal Poly, a years’ worth of electrical usage data from July 2011 
to June 2012 was collected. The data was stored in an excel file that had the time stamp 
and kW usage for 15 minute intervals. In order to understand the trends throughout the 
year a graph was made comparing the kW usage versus time of the year as seen below in 
Figure 10 - kW Usage vs Time 
 
Figure 10 - kW Usage vs Time 
There were many trends that are important to understand. First, is how energy 
usage followed a cyclical pattern. There are fifty-two peaks in the data above, which is 
also the same amount of weeks in a year. This shows that the data follows a cyclical 
pattern of high energy usage during the weekday and low energy usage during weekends. 
This is most likely due to the campus having many of their buildings open during the 
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weekday and classes being taught. On the graph you can also see that energy usage drops 
significantly when students are not in session during summer break (June-August), winter 
break (December), and Spring break (late-March). This is important to understand 
because while energy rates are more expensive during the summer, usage of electricity 
tends to go down on Cal Poly’s campus during the summer. The first week before and 
after school was examined to see just how much of an impact students being in session 
has on the electricity usage. Below in Figure 11 - Before and After Students Return To 
Campus, is an example of the energy usage of Cal Poly a week before (9/12 to 9/18) and 
during the first week of school (9/18 to 9/24). 
 
Figure 11 - Before and After Students Return To Campus 
The energy usage reaches peaks of 6,500-6,000kW for the week before school, 
but during school session the peaks reach 8,000-7,200kW which represents an increase of 
around 13%. This is an important trend to understand because energy usage costs will be 
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
9/12/2011 0:00 9/15/2011 0:00 9/18/2011 0:00 9/21/2011 0:00 9/24/2011 0:00
En
er
gy
 U
sa
ge
 (
kW
)
Time
Before and After Students Return to Campus
40 
 
the highest during summer months when school is in session: May, June, September, and 
October so those are the most critical months to use energy storage.  
 
III. Check Phase 
The next step in the process was breaking up the data usage for Cal Poly into 
months so that the trends could be analyzed in a shorten time frame. This also allowed us 
to analyze what the monthly energy bill charges would be. Since there was upwards of 
35,000 data points an automated system needed to be created so that minimal manual 
data entry had to be done. Each month was placed in its own sheet in Excel for easier 
data manipulation. Each month consisted of the same columns: Date, Day, Time, Time 
Number, Energy, and Counter as seen in Figure 12 - Example of Data 
Date Day Time Time Number Energy Counter 
6/30/2012 23:53 6/30/2012 11:53 PM 0.995740741 3274.234 3 
Figure 12 - Example of Data 
 Date: The day & time given for each data entry 
 Day: The day given for each data entry, was separated for formula 
calculation 
 Time: The time given for each data entry, was separated for formula 
calculation 
 Time Number: The number value associated with the time for each data 
entry 
 Energy: The Kilowatt energy usage for each data point 
 Counter: This counter displayed a value (1 Max Peak, 2 Part Peak, 3 Off 
Peak) for each time period using a nested if statement.  
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Each costing formula used the counter in a lookup function that allowed the 
costing method to be automated for every month. For example, when calculating the 
Energy Charges for off peak hours the formula will look for every cell that has a “3” in 
the Counter column. If it does it will sum it into the costing formula until the entire 
month is calculated. Once this was done for every month another table was made per 
month that showed the max charges for each period and per day for the month as seen 
below. 
Table 2 - Peaks Per Day 
Date Max 
Charge 
Max 
Peak 
Part-Peak Off-
Peak 
Time of 
Max 
Charge 
Time of 
Day 
Day of 
the 
Week 
Hour 
of Day 
6/30/201
2 
4055.318
1 
3876.59
4 
4055.318
1 
3485.4
137 
Part-
Peak 
10:38:0
4 AM 
Saturday 10 
6/29/201
2 
5464.849
9 5464.85 
5288.213
1 
4349.9
831 
Max-
Peak 
3:37:05 
PM Friday 15 
 
 Date: Each day for an entire month is represented in this table 
 Max Charge: The maximum kW usage per 15 minute interval per day 
 Max Peak: The maximum kW usage per 15 minute per Max Peak per day 
 Part Peak: The maximum kW usage per 15 minute per Part Peak per day 
 Off Peak: The maximum kW usage per 15 minute per Off Peak per day 
 Time of Max Charge: The demand period that the Max Charge is in. 
 Time of Day: The time of day the Max Charge is In 
 Day of the Week: Which day of the week the date is in 
 Hour of Day: Which hour the Max Charge is in. 
 
This table is created for every month and every day to pinpoint when the highest 
points of energy usage are per day. The kilowatt usage of Max Peak, Part Peak, and Off 
Peak are recorded per day and put on a table. Ignoring weekend usage, 90% of the 
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Maximum Usage per day was during Max Peaks. This shows that the vast majority of the 
peaks were during the 12pm-6pm period. Afterwards, a histogram was created for every 
month to see at what time the maximum amount of energy usage was created.  
 
Figure 13 - Histogram of November 
As you can see, in the month of November the vast majority of the time the 
maximum charges were at 5pm. This makes forecasting when the maximum energy 
usage in the month of November easier compared to other months; however, some 
months the maximum charges are spread out throughout the month like in the example 
below. 
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Figure 14 - Histogram of June 
In June you can see the time periods are spread out throughout the month. So if 
you were to predict that the Maximum Charge was at 4pm and release the battery during 
3pm and 4pm, then you would miss the peak charges from 12pm-2:59 pm which 
correlates to 16 missed peaks. After looking over an entire year, the following hours of 
the day (in military time) had the highest number of peak charges in each month. 
Table 3 - Time with the Highest Amount of Peaks (Military Time) 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 
17 18 13 13 15 14 13 13 13 13 17 17 
  
With these numbers I saw that every single month had the highest number of peak 
energy times during 12:00pm-6pm except for February. February is during the winter 
season and there is no max peak during this time, so there little difference in costing 
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during winter if the peak is at 6pm compared to 5pm. One problem this could make is if 
we wanted to release energy only during 12-6pm period, like the whole peak system. 
Because the peaks lie outside this region the demand charges would not be reduced and 
the only cost reduction would be from energy charges. 
Once the trends were examined the next step is to see how each of the energy 
releasing models would save money. There were three different models using this 
project: two hour peak which had a 1500kWh system for 2 hours, a whole peak 1500kWh 
system for 6 hours, and an estimating peak 1500kWh system for 4 hours. Each system 
had either a 1500 kWh or 5000 kWh system for the project and operated at an efficiency 
rate of 75%. Each battery system also charge during different times in the morning. The 
two hour system charged from 1am to 3am, the whole peak system charged from 
batteries charged from 12am to 6am, and the estimating peak system charged from 1am 
to 5am. The reason these times were chosen is because there is no demand energy charge 
during this period and the energy charges are the lowest.   
a. Two Hour Peak 
In the two hour peak system the energy would be released during a two hour 
period that is chosen based historical max peak occurrences times during the day of the 
previous years’ data and would determine the tops of the peak demand. If each maximum 
energy charge was in the same two hour window this system would have an effective 
contribution of lowering the energy costs per year. For each time interval in the two hour 
window I subtracted (1500 kWh / 2 hours) * .875 or 656 kW from the 1500 kW system 
and 2187.5 kW from the 5000 kW system from each 15 minute interval. In the chart 
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below you can see an example of what happens when this system is used. The 87.5% 
value was used to reflect the inefficiencies in the system (12.5% on each side adding up 
to a 75% efficiency rating). 
 
Figure 15 - 2 Hour Comparison Chart 
For the month of October the peak was estimated to be from 1pm-3pm and every 
day the battery would be released energy during this time frame. In Figure 15 - 2 Hour 
Comparison Chart the blue line represents what would happen to the energy consumption 
if the energy storage and release system was used. During 1-3pm the peak energy usage 
is reduced and that would potentially lower the demand charges for the month. In the 
chart above you can see that the highest point of energy usage falls within this time 
frame. A negative trait of this system is that the demand charges are based on the entire 
month, not the day. So if do not forecast the peak correctly, even just once, the demand 
charge will not be lower and you will still have a higher costing energy system. In fact, 
when forecasting the cost of this system that is exactly what happened.  
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Table 4 - 2 Hour Annual Savings 
  
Because this system did not reduce every single peak the cost savings were 
marginal compared to the other systems. In this two hour peak window it would save 
$7,000 annually for the 1500 kWh system and $1,600 on the 5000 kWh system. This is 
because, while the 5000 kWh system could offload more energy to Off Peak, the energy 
efficiency causes a large amount money to be wasted rather than saved. In fact, if the 
system were to be 100% efficient the annual savings for reducing at a two-hour peak 
would save $40k annually. If you lower the highest charge during Max Peak by a huge 
margin it won’t lower the Demand Charges much unless you lower the next highest peaks 
as well. For example, if the highest energy usage was at 5pm, but the second highest was 
at 1pm, this system would not be able to reduce the 1pm energy usage and that is what 
the Demand Charge would be based off of. 
 
b. Whole Peak 
System Jan Feb March April May June  
1500 
kWh 
$1,900 $1,300 -$200 $100 $2,900 $700  
5000 
kWh 
$1,200 $700 -$1,400 -$700 $4,000 $2,000  
 July Aug Sept Oct Nov  Dec Total 
1500 
kWh 
$200 -$200 $0 $500 -$200 $100 $7,100 
5000 
kWh 
$1,700 $300 $1,000 $1,600 -$6,700 -$2,100 $1,600 
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For the Whole Peak period the energy usage would be reduced over the entire 
Max Peak period (12pm-6pm). This is a beneficial because it has a higher chance of 
reducing the peak since it covers the entire area. The negative side of this is that it can 
only lower it by a smaller amount since it has to spread the battery over the entire period 
as demonstrated at the chart below.  
 
Figure 16 - Whole Peak Chart 
In the example of above you can see the blue line is slightly below the orange line 
during the Max Peak period; however, it is only lowered by a small amount. Even though 
this lowers the highest energy usage by a smaller amount than the two hour peak system, 
it is able to lower all the other peaks during the max peak period.  This tradeoff is 
actually more effective than the two hour peak system because this lowers the overall 
demand charges for the month as seen in Table 5- Whole Peak Annual Savings. 
 
 
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
10/31/2011 0:00 10/31/2011 6:00 10/31/2011 12:00 10/31/2011 18:00 11/1/2011 0:00
Whole Peak 
With Smart Grid Without Smart Grid
48 
 
Table 5- Whole Peak Annual Savings 
 
In the 5000 kWh system for Whole Peak you save more money overall annually 
($73,700) because you are able to reduce the peak by a larger amount than the 1500 kWh 
system ($26,300). This larger chunk of energy dispersed helps lower all the peaks during 
this period, thus having a higher chance of lowering the Demand Energy charges. Both of 
these savings are significantly higher than the two hour peak system, by increasing 
annual savings by $19,000 and $72,000 for the 1500 kWh and 5000 kWh systems 
respectively. There are some months where you actually lose money using this system: 
February, March, November, and December. These months all fall within the Winter 
Time charges when there is no Max Peak demand or energy charges. Because of these 
lack of extra charges the system does not save as much as the summer months. Another 
factor that causes higher rates is that some of the highest energy usage during these 
months lie outside the 12pm-6pm window that this system releases with. As you can see 
in Figure 17 - Whole Peak November 1st the highest energy usage in the month of 
November lies outside this window. Because of this the demand charge is not lowered.   
 
System Jan Feb March April May June  
1500 
kWh 
$400 -$400 -$300 $600 $4,300 $4,500  
5000 
kWh 
-$300 -$1300 -$1000 $300 $13,300 $13,100  
 July Aug Sept Oct Nov  Dec Total 
1500 
kWh 
$4,000 $4,300 $4,200 $4,300 -$200 $600 $26,300 
5000 
kWh 
$12,100 $12,200 $12,500 $13,900 -$900 -$200 $73,700 
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Figure 17 - Whole Peak November 1st 
 
c. Estimate Peak 
The last type of system that was tested was the Estimating Peak charges. This 
system would represent us knowing exactly when the peak would occur each day. This 
system would estimate when the peak charge would be and then release energy around 
this peak for 4 hours. For example, if the highest point of energy usage was 3pm, the 
system would release energy at 2pm, 3pm, 4pm, and then the system would see if 1pm or 
5pm saved more money. Below are two charts, Figure 18 - Estimating Peak Chart and 
Figure 19 - Estimating Peak Chart- October 25th, of the system during the same month 
but different days.  
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Figure 18 - Estimating Peak Chart – October 31st 
 
Figure 19 - Estimating Peak Chart- October 25th 
 
You can see that the top of the peak was reduced along with the period to the right 
and left of it. This system worked by identifying the optimum period for discharge based 
on where the maximum energy usage was being used per day. Since it found the peak per 
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day the Demand Charges were lowered every month; however, if the day had multiple 
high peaks spanning over the entire Max Peak period it would not be able to reduce all of 
it since this system focused on a four hour window. 
 
Table 6 - Estimating Peak Annual Savings 
 
Ultimately, this system did not save as much money as the whole peak reduction, 
but saved more than the two hour window system. The 1500 kW system would save 
$25,300 annually and the 5000 kW system would save $28,500. Even though this doesn’t 
save as much money as the whole peak reduction, it does have certain advantages over it. 
During January, February, and December (winter months), the estimating peak system 
was able to save more money than the whole peak system. This is because a large portion 
of the peaks lied outside the 12pm-6pm period so the whole peak system was not able to 
reduce those costs.  
 
  
System Jan Feb March April May June  
1500 
kWh 
$1,000 $1,000 $100 $1,000 $2,900 $1,900  
5000 
kWh 
$1,700 $600 -$600 $200 $3,200 $3,200  
 July Aug Sept Oct Nov  Dec Total 
1500 
kWh 
$2,700 $6,100 $2,300 $6,700 -$300 -$100 $25,300 
5000 
kWh 
$3,400 $6,800 $2,900 $7,900 -$1,100 $0 $28,000 
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IV. Results 
During the Act Phase a rate of return was analyzed for each system with each battery 
size. This was done by using the following equation: 
𝑃 =
𝐹
(1 + 𝑖)𝑛
 
P: Present Value 
F: Future Payment 
i: discount rate per period 
n: number of periods 
A payback period of 10 years was used for the formula above and the following values in 
the table below were the result of this calculation 
Table 7 - Annual Savings Over Ten Years 
 1500 kWh System 5000 kWh System 
Type Two Hour Whole 
Peak 
Estimate 
Peak 
Two Hour Whole 
Peak 
Estimate 
Peak 
Savings $54,000 $200,000 $190,000 $15,000 $550,000 $210,000 
 
The whole peak system had the highest annual savings over ten years, and this is 
due to a multitude of reasons. Firstly, during the summer, max peak energy charges are 
significantly higher than winter energy charges. Because this system reduces the charges 
during the most expensive time period of the day it was able to save more annually than 
the other systems. Secondly, since the highest energy usage was more likely to be during 
12pm-6pm the whole peak system was able to reduce these charges at a higher rate than 
the other two systems. Finally, the demand charges were reduced the most during the 
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whole peak system due to the entire peak being reduced. This is significant because the 
demand charges have a larger effect on the monthly charges than the energy charges.  
Even though the whole peak system reduced the most energy costs overall there 
were some shortcomings of that system that need to be addressed. If the peak lied outside 
the 12pm-6pm period the peak energy usage was not reduced, and demand charge would 
not change. This was only evident in the winter months. One way to combat this would to 
use a mixture of both a targeted peak and a whole peak reduction throughout the year. 
During the winter months a targeted peak, like the two hour peak system, would be used 
since the highest energy usage may lie outside the 12pm-6pm time period. On summer 
months the whole peak system would be used since this has the biggest cost savings 
potential since the energy charges are higher. While this offers a greater chance for 
savings it also comes with a significant risk. If the highest energy usage lies outside this 
two-hour gap, just once during the month, the demand charge will not be reduced and the 
costs will be significantly higher. 
By using a report by Black & Veatch’s similar deep energy storage system they 
estimated the cost of around 4,000 $/kW for an 8 hour battery storage system or 
$500$/kWh. (Black & Veatch, 2012) This would mean that our 1,500 kWh and 5,000 
kWh systems would cost $750,000 and $2,500,000 respectively. These costs are larger 
than the return we expect to get back from the battery storage system so we could not 
propose to implement this system without finding ways to reduce the costs of this system 
by a significant amount. 
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V. Conclusion 
Ultimately, this project would not save money, but there was a knowledge gain 
from this. Seeing what was the best system to use to save the most annually will be useful 
once the efficiency rates of batteries improves and the costs of battery storage devices go 
down. Other storage methods, like wind turbines and flywheel, could be examined to see 
if they would deliver a higher savings overall.  
A benefit for our storage device system would be that the load for energy usage 
would be reduced from Max Peak to Part or Off Peak for a large portion of the time. This 
is good for the environment since the energy company usually produces excess amount of 
energy at night and by utilizing this at night you would be reducing the amount of 
demand during the day. 
Some future projects that can be done with this project would be to analyze how 
much of an impact on the environment a large school like Cal Poly would make by 
implementing this storage solution into the school. There are costs to the environment 
that were not calculated in this report that would add value to this battery system. More 
things to consider would be where all these batteries would be stored. Batteries of this 
magnitude could have a high cost of storage since you would need to ventilate the area as 
long as build facilities to hold these batteries. Moreover, in a few years Cal Poly will be 
building additional housing units on campus which would increase utility usage during 
the year from students using their appliances and devices. Ultimately we learned the 
following things 
 Battery storage is an expensive alternative energy source 
 Knowing when the peaks happen would save the most money 
55 
 
 Releasing energy during the whole peak saved more money than just 
during a 2 hour period. 
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Appendices  
Histograms of Peak Energy Usage Times 
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